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(g) Intravascular stents. 

St) The invention provides a method for making an intravascular stent by applying to the body f sjejit ^ 
^solutron which comprises a solvent, a polymer dissolved in ^^l^^"^,^"^^^^^^^^ 

dispersed in the solvent and then evaporating the solvent The inclusion of a polymer '"^ "^f ^ 
w' h a drug on the stent allows the dmg to be retained on the stent ^^^^^^^^^ cL no ani The 
also controls the administration of drug following implantation. The adhesion of the coating ana me 
* S aTwhich he dm^is delivered can be controlled by the selection of an appropnata b.oabsorbab^ or 
Sst^birSyr^^^^^ the ratio of drug to polymer in the solution. By ^^'^^ "l^f ' ^^^^ 
dexamethasone can be applied to a stent, retained on a stent during expansion of the stent and elute at 
a controlled rate. 
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an occiuded 

treatment of the artery For these anoSlSvoro-?' ' ^f^^^^o-^y '^ser ablation 

« anr^r^iu^i^^^^^^^^ 

been successfully addressed by riS^^^^^^^ 
. vessel, thereby reducing the leve o' restenoSr l^T.Z TT"" "'^^"^ ^^""""'^ ^^^^ 

into a vascular lumen and expandec nto col^t wftX L'f '^^^ L ''f '^'''^'"^ ''^ '^''^'^^ 
internal support for the lumeTEZ^l^^fT^ "^''^^ ^^'l- '^-^^^by providing 

« and radially Coded ^sam^^^^^ ^ A balloon 

closed in US-a'473366 Pafma. ZlToo^lZlTT ° T"'"'"' ^"^'^ ^'^"'^ 
porated herein by reference in thS entirety ^ '"""^ US.A-4886062 (Wiktor) which are incor- 

that • ^s^brang^S^^^ "fl'^^""' '° ^'^^ '"^^^ °^ ^^^^^1 wai, 

dergone retrovirus-mediated o^^^ J^r 11 fP'! ^ ^^P^"'"^"'- sheep endothelial cells that had un- 

- minogen actK^ator ^r^TeJZLs^^J^^^^^^^^ - '--^ype plas- 

were therefore able to be delivered foTh™ 1= ^^T ,^"'^ stents were covered. The cells 

methods of providing the apeSbst^^^^^^^^^^^ 7 ''^^P^""^ P^°»«'"S- Ot^er 
Whereby a heparin L^g 2^^^^^^ 

apeutic substances to the vascularwall bv^.»n= ^ ^ f ^ '^"'^^'^^ P^^^ing ther- 

(Palmaz), WO-91/127^ "IntSui^nat^^^ o ^"'^^ US-A-5102417 

a substance onto the metaJof the stfnt to keepTon hetl^^ ' therapeutically significant amount of 

.e blood vessel wall; and also controliinrr^^^^^^^^^ 

a druTiiTeTer ' ''"^'^'"^ ^ ''^^"^ ^ therapeutically s^nificant amount of 
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We toe discovered a ™lhod fa, making an in.o.ascuia, .lem whid, meet. mi. „..d 

(a) providing a generally cylindrical stent body 

ir*srrdZrdtr±r^^^^^^^ 

(c) evaporating said solvent 
be stained on the stent'n a reXn mat L h ' " '^"^ on the stentallows the drug to 
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polymeric surface. The method is also an extremely simple one since it can be effected by simply immersing 
the stent into the solution or by spraying the solution onto the stent The amount of drug to be included on the 
stent can be readily controlled by applying multiple thin coats of the solution while allowing it to dry between 
coats The overall coating should be generally thin enough so that it will not significantly increase the profile 
of the stent for intravascular delivery by catheter. It is therefore preferably less than about 0.002 inch (0.05 
mm) thick and most preferably less than 0.001 inch (0.025 mm) thick. The adhesion of the coating and the rate 
at which the drug is delivered can be controlled by the selection of an appiopriate bioabsorbable or biostable 
polymer and by the ratio of drug to polymer in the solution. By this method, drugs such as glucocorticoWs (e.g. 
dexamethasone, betamethasone), heparin, hirudin, tocopherol, angiopeptin, aspirin, ACE inhibitors, growth 
factors, oligonucleotides, and, more generally, antiplatelet agents, anticoagulant agents, antimitotic agents, 
antioxidants, antimetabolite agents, and anti-inflammatory agents can be applied to a stent, retained on a stent 
during expansion of the stent and elute the drug at a controlled rate. The release rate can be further controlled 
by varying the ratio of drug to polymer in the multiple layers. For example, a higher drug-to-polymer ratio in 
the outer layers than in the Inner layers would result In a higher early dose which would decrease over time. 

In operation, the stent made according to the present invention can deliver drugs to a body lumen by in- 
troducing the stent transluminally into a selected portion of the body lumen and radially expanding the stent 
into contact with the body lumen. The transluminal delivery can be accomplished by a catheter designed for 
the delivery of stents and the radial expansion can be accomplished by balloon expansion of the stent, by self- 
expansion of the stent, or a combination of self-expansion and balloon expansion. 

Thus the present invention provWes a stent which may be delivered and expanded in a selected blood ves- 
sel without losing a therapeutically significant amount of a drug applied thereto. It also provides a drug- 
containing stent which allows for a sustained release of the drug to vascular tissue. 

The underlying structure of the stent used according to the invention can be virtually any stent design, for 
example of the self-expanding type or of the balloon-expandable type, and of metal or polymeric material. Thus 
metal stent designs such as those disclosed in US-A-4733665 (Palmaz), US-A-4800882 (Gianturco) and US- 
A-4886062 (Wiktor) could be used in the present invention. The stent could be made of virtually any bio-com- 
patible material having physical properties suitable for the design. For example, tantalum and stainless steel 
have been proven suitable for many such designs and could be used in the present invention. Also, stents made 
with biostable or bioabsorbable polymers such as poly(ethylene terephthalate), polyacetal, poly(lactic acid), 
poly(ethylene oxide)/poly(butylene terephthalate) copolymer could be used in the present invention. Although 
the stent surface should be clean and free from contaminants that may be introduced during manufactunng, 
the stent surface requires no particular surface treatment in order to retain the coating applied in the present 
invention. Both the inner and outer surfaces of the stent may be provided with the coating according to the 
present invention. 

In order to provide the coated stent according to the present invention, a solution which includes a solvent, 
a polymer dissolved in the solvent and a therapeutic substance dispersed in the solvent is first prepared. The 
solvent polymer and therapeutic substance should of course be mutually compatible. The solvent should be 
capable of placing the polymer into solution at the concentration desired. Moreover the solvent and polymer 
should not chemically alter the therapeutic character of the therapeutic substance. However, the therapeutic 
substance only needs to be dispersed throughout the solvent so that it may be either in a true solution with 
the solvent or dispersed in fine particles in the solvent. Examples of some suitable combinations of polymer, 
solvent and therapeutic substance are set forth in Table 1 below. 

TABLE 1 
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POLYMER 


SOLVENT 


THERAPEUTIC SUBSTANCE 




poly(L'l actio acid) 


chloroform 


dexamethasone 




poly(lactic acid-co-glycolic acid) 


acetone 


dexamethasone 


50 


polyether urethane 


N-methyl pynrolidone 


tocopherol (vitamin E) 




silicone adhesive 


xylene 


dexamethasone phosphate 


55 


poly(hydroxybutyrate-co-hydroxy- 
valerate) 


dichloromethane 


aspirin 




[fibrin 


water (buffered saline) 


heparin 
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In the Examples percentages and ratios are by weight unless otherwise stated. 
EXAMPLE 1 (COMPARATIVE) 

A ^% solution Of dexamethasone in acetone was made, forming a clear solution. The solution was placed 
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in an airbrush reservoir(Badger#200). Wiktortype tantalum wire stents were sprayed with the solution in short 
bursts while rotating the stents. The acetone quickly evaporated from the stents, leaving a white residue on 
the stent wire. The process was continued until all of the stent wires were coated. The drug elution rate for the 
stent was determined by immersing the stent in phosphate buffered saline solution (pH=7.4). Traces of dexa- 
5 methasone were observed to remain on the immersed stents for less than 3 1 hours. 

EXAMPLE 2 (COMPARATIVE) 

A2% solution of dexamethasone in acetone was made, forming a solution with suspended particles of dex- 
10 amethasone. The solution was placed into a tube. Wiktor type tantalum wire stents were dipped rapidly and 
were allowed to dry. Each stent was dipped into the solution 12-15 times to provide a white sur ace coa ing. 
Two stents were placed on an angioplasty balloon and were inflated on the balloon. Approximately 80% of the 
dexamethasone coating flaked off of the stents. 

IS EXAMPLE 3 

A solution of 1% dexamethasone and 0.5% poly(caprolaotone) {Aldrich 18.160-9) in acetone was made 
The solution was placed into a tube. Wiktor type tantalum wire stents were dipped rapidly and were allowed 
to dry. Each stent was dipped into the solution 12-15 times to provide a white surface coating. Astent so coated 
was expanded on a 3.5mm angioplasty balloon causing a significant amount of the coating to become detach- 
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ed. 

EXAMPLE 4 



A solution of 1 % dexamethasone and 0.5% poly(L-lactic acid) (Medisorb) in acetone was made. The sol- 
ution was placed into a tube. Wiktor type tantalum wire stents were dipped rapidly and were allowed to dry. 
Each stent was dipped into the solution 12-15 times to provide a white surface coating. Astent so coated was 
expanded on a 3.5mm angioplasty balloon causing only a small portion of the coating (less than 25 /.) to be- 
come detached) 



EXAMPLE 5 

A solution including a 2% dispersion of dexamethasone and a 1% solution of PoWL-Jactic acidHCCA Bic^ 
chem MW=550,000) In chloroform was made. The solution was placed into an airbrush (Badger). Wiktor type 
tantalum wire stents were sprayed in short bursts and were allowed to dry. Each stent was sprayed with the 
solution about 20 times to provide a white surface coating. A stent so coated was expanded on a 3.5mm an- 
gtoplasty balloon. The coating remained attached to the stent throughout the procedure. 

EXAMPLE 6 

Asolution including a 2% dispersion of dexamethasone and a 1% solution of poly(L-lactic acid) (CCA Bio- 
chem MW=550,000) in chloroform was made. The solution was placed into an airbrush (Badger #250-2). Wiktor 
type tantalum wire stents were suspended from a fixture and sprayed in 24 short bursts (6 bursts from each 
of the four directions perpendicular to the stent axis) and were allowed to dry. The resulting sten s had a coa ing 
weight of about 0.0006-0.001 5 grams. Three of the stents were tested for long term elution by placing one sten 
in ^0 ml of phosphate buffered saline solution (pH=7.4) at ambient temperature without stirring. The amount 
of dexamethasone eluted was evaluated by measuring absorbance at 244 nm in a UV-VIS spectrophotometer. 
The results, of this test are shown in Figui-e 1 . 

50 EXAMPLE 7 

Asolution including a 2% dispersion of dexamethasone and a 1% solution of P°'y(L-lactic acid) (Medisorb 
100-L) in chloroform was made along with a control solution of 1% of poly(L-lactic acid) (Medisorb 100-L) in 
chloroform. The solutions were placed into an airbrush (Badger#250-2). Wiktor type tantalum wire stents were 
expanded on a 3.0mm balloon, suspended from a fixture and sprayed In 16 short bursts (2-3 bursts of about 
1 second followed by several minutes drying time between applications). The resulting dexamethasone-coated 
stents had an average coating weight of about 0.001 2 grams while the polymer-coated stents had an average 
polymer weight of about 0.0004 grams. The stents were sterilized in ethylene oxide. Three of the sterilized 
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the coronary arteries of rptasTN irfrrchf T J ^^^^'^^'^ ^^ents were implanted in 



Claims 



! 1. A method for making an intravascular stent comprising the steps of- 
(a) providing a generally cylindrical stent body 

(c) evaporating said solvent. 

2. A method as claimed in claim 1 wherein said stent body has a metal surface. 

3. A method as claimed In claim 1 wherein said stent body has a polymeric surface. 

4. A method as claimed In any one of claims 1 to 3 wherein said solution Is applied to said body by spraying. 

5. A'"«tf'odasclalmedlnanyoneofclaims1to3whereinsaldsoluttonisappliedtosaidbodybyimmersion. 

oC^irsrytx^^'"^^^^^ 

8. A method as claimed in any one of daims 1 to 7 wherein said polymer is a bioabsorbable polymer 
1 0. A method as claimed in any one of claims 1 to 7 wherein said polymer is a biostable polymer 

15. A method as claimed in dalm 14 wherein said therapeutic substance is dexame.hasone. 

16. Amethod as dalmed in any one of daims 1. 2. 5 to 9 and 12 to 15 comprising the steps of 

(a) providing a generally cylindrical metal stent body 9 'ne steps of. 

(b) spraying onto the stent body a solution which comprises a solvent, a bioabsorbable polymer dis- 
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solved in said solvent and a glucocorticoid dispersed in said solvent; and 
(c) evaporating said solvent. 

17. The use of a solution containing a dissolved polymer and a dispersed therapeutic substance for the man- 
ufacture of a therapeutic agent comprising an intravascular stent having a polymeric drug-eluting surface 
coating. 

1 a. A stent made by a method as claimed in any one of claims 1 to 1 6. 
19. A stent having a polymeric, dexamelhasone-rel easing coating. 
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